The decline in estrogens could lead to an imbalance of bone formation and absorption as well as bone mineralization. Phytoestrogens are known to have the potential to maintain bone health. Calcium and phosphorus are essential components for bone mineralization. This study aimed to investigate the effect of soybean sprout flour consumption on serum calcium and phosphorus levels in ovariectomized rats.
INTRODUCTION
Bone is a dynamic tissue constantly performing regenerating activity, i.e. absorption and replacement with new cells at a constant rate. (1) The main minerals of bone are calcium and phosphorus (50-70%) in the form of calcium hydroxyapatite [CA10 (PO 4) 6 (OH) 2], while the rest are an organic matrix (20-40%); water (5-10%), and fat (3%). (2, 3) Both Ca and P are important minerals in the formation and metabolism of bone. (4) Serum Ca status is associated with Ca absorption in the intestine, reabsorption in the kidneys, and resorption from bone. (5, 6) Other components involved in bone formation and metabolism include estrogen, parathyroid hormone, and vitamin D. Estrogen plays an important role in bone metabolism, by promoting bone formation through increased activity of osteoblasts and by in habiting bone calcium resorption. (3) Aloia and Shieh (7) state that estrogen plays a role in calcium absorption through trans cellular pathways regulated by transient receptor potential vanilloid type 6 (TRPV6) channel. TRPV6 is expressed from calcitriol and vitamin D receptor (VDR). Therefore, estrogen plays a very important role in bone metabolism. Deficiency of estrogen in postmenopausal women could lead to increased resorption of Ca and P in bone, decreased absorption of Ca in the intestine, and increased excretion of Ca and P. Imbalances of absorption and excretion of Ca and P could result in decreased Ca and increased P in the blood. The imbalance in the absorption and excretion of Ca and P in postmenopausal women can lead to decreased bone density so that the bone becomes brittle and easily fractured. (8) Several studies have shown that serum calcium levels are significantly decreased in postmenopausal women. Deficiency of estrogens causes calcium loss due to decreased absorption of calcium in the intestine and increased calcium resorption in the kidney. (9) (10) (11) Ovariectomy causes increased excretion of calcium and phosphorus, resulting in decreased serum calcium and phosphorus levels in ovariectomized rats. (12) Oneway to treat estrogen deficiency in postmenopausal women is by means of oral hormone replacement therapy (HRT). However, the use of HRT in the long term has aless favorable influence on women's health, including triggering of cancer. (13) The alternative to synthetic hormone replacement is treatment with phytoestrogens. (14) Soy is one of the food sources containing phytoestrogens, i.e. isoflavones, which have the potential of estrogen in bone metabolism. (15) Besides as a source of isoflavones, soy contains compounds, which could inhibit Ca absorption, e.g.phytic acid. (16) the phytic acid component of soybeans could be reduced through germination. Germinated soybeans have been proven to have better bioactive components than do soybeans. Soybean sprouts are soy beans germinating under controlled conditions. Compared to mature soybeans, soybean sprouts contain a substantial amount of protein and much higher amounts of various vitamins. (17) Changes occurring in the germinated soybeans include increased levels of vitamin C, -tocopherol, crude fiber, and protein. (18) Components of secondary metabolites such as polyphenols, isoflavones, phytosterols, flavonoids, polyphenols and the antioxidant capacity are also increased. (19) Mugisha (20) reported that phytoestrogen components, especially soy and soybean sprout isoflavones provide are beneficial for bone health. Phytoestrogens trigger protein synthesis, decrease the osteoprotegerin/receptor activator of nuclear factor-kappa  ligand (OPG/RANKL) ratio, and mineralization by osteoblasts. Phytoestrogen administration could inhibit the differentiation and activation of osteoclasts. (21) Phytoestrogens directly or indirectly affect the absorption of calcium. Miao et al. (12) suggested that administration of isoflavones to ovariectomized rats could prevent osteoporosis through inhibition of calcium loss and improvement of parathyroid hormone (PTH), which acts as a regulator of calcium absorption.
The process of elicitation is known to be able to increase secondary metabolite components of soybean sprouts. (22) According to Saini et al. (23) elicited soybean sprouts have better nutraceutical potential than control sprouts. NaCl is one of the abiotic elicitors, which could be used to improve the secondary metabolite components of soybean sprouts. (24, 25) Soybean sprouts are likely to have a better potential than ungerminated soybeans for bone health, especially in postmenopausal women. So far, there have been no reports about the effects of soybean sprout flour on Ca and P levels in ovariectomized rats. This research aimed to study the potential effect of soybean sprouts after elicitation on Ca and P in the serum of postmenopausal rats. The postmenopausal models were obtained through ovariectomy (ovary removal operation) of the rats, which were then expected to experience estrogen deficiency. (26) 
METHODS

Research design
This research was of randomized post-testonly control group design. Research was conducted at the preclinical unit of the Integrated Research and Testing Laboratory (LPPT), Gadjah Mada University [Universitas Gadjah Mada (UGM)], Yogyakarta. The study was conducted from February until May 2015.
Subjects of study
The experimental animals used were female Sprague Dawley rats aged 2 months obtained from the preclinical unit of LPPT, UGM, Yogyakarta.
Sample size determination
The sample size was determined based on the formula: S = (t-1) (r-1) 15, where t is the number of groups, and is the number of animals per group. (27) This study used three treatment groups in addition to two control groups, so that t = 5, giving (5-1) (r-1) 15, and resulting in (5-1) (5-1) = 16. Therefore the number of rats (r) in each group was 5. The rats were randomly divided into the following 5 groups: (i) normal control group on standard feed diet AIN-93M (C-N); (ii) ovariectomy control group (OVX -C) on standard feed diet AIN-93M; (iii) ovariectomy group on standard feed diet AIN-93M + ethinylestradiol (OVX -E), (iv) ovariectomy group on standard feed diet AIN-93M + soybean flour (OVX -S); and (v) ovariectomy group on standard feed diet AIN-93M + soybean sprout flour (OVX -SS).
Preparation of the postmenopause rat model
After the rats had been adapted for 1 week, in each of the four groups of rats (ii, iii, iv and v), their ovaries were surgically removed (ovariectomy). Before the surgery, the rats were first anesthetized using a mixture of ketamine 10% at a dose of 5 mg/kgBW and xylazine 2% at a dose of 5 mg/kgBW, which was injected intramuscularly. (28) Preparation of soybean sprout flour
The soybeans used in this study were of the local yellow Anjasmoro soybean variety obtained from the Research Institute for Legumes and Tubers, Malang, East Java. The soybean germination process began with the elicitation process (soaking) using a 2% NaCl solution for 8 hours. Germination was conducted for 36 hours in the dark (29) then the sprouts were dried and powdered.
Intervention
Evaluation of the potential influence of soybean sprouts on the serum levels of Ca and P of the rats was done by comparing the groups of rats receiving either ethinylestradiol (Lynoral 0.05 mg/tablet, Sydna Farma), soybean flour, or soybean sprout flour (groups iii; iv; and v respectively), as well as the two control groups (normal and ovariectomized controls). All rats received the standard feed AIN-93M. All materials for intervention were prepared in soluble form. All treatments were given orally for 6 weeks, with the amount of soybean flour and soybean sprout flour given based on a dose of 10 g/g BW/day of isoflavones. The rats in group iii were treated with ethinylestradiolat 30 g/kg BW/day.
During the experiment, the weight of each rat (expressed in grams) was checked every 2 days. The dose was adjusted to the weight gain of the rats. Blood samples of ± 2 mL were taken on the last day of treatment using a microhematocrit tube through the orbital sinus. Blood serum was separated using a centrifuge (Thermo Scientific, micro legend 12) at a speed of 3000 rpm for 15 min and then stored at -20°C until the laboratory analysis was performed.
Laboratory analysis
Analysis of serum Ca and phosphorus was carried out using a reagent kit (DiaSys, Germany) for the photometric Arsenazo III method. The analytical procedures were done according to the Dyasis kit manual. Ca levels were read using micro lab Spectrophotometer 300 (Elitech, France), at wave length () of 620 nm, while the P levels were read at  of 340 nm. Both Ca and P levels were expressed in mg/dL.
Statistical analysis
The analysis of weight data as well as the serum levels of Ca and P were performed using one-way Anova with SPSS version 18. For the test results showing a significant effect, the test was continued with the LSD multiple comparison test. The significance level used was a p-value of <0.05.
Ethical clearance
This study obtained ethical clearance from the Commission on Ethical Clearance LPPT UGM. No: 206/KEC-LPPT/XII/014.
RESULTS
Body weight (BW)
The mean BW of the rats may be seen in Table 1 . The results of statistical analysis showed that there was no difference in the BW of the rats in all experimental groups. Table 1 shows that the post treatment BW of the rats in all groups was increased. When compared with the BW of the rats in the normal control group, all treatment groups had increased BW
Serum calcium and phosphorus levels
Serum calcium and phosphorus levels of the rats are shown in Table 2 . The treatment group receiving soybean sprouts showed the highest mean calcium level (12.59 ± 1.32 mg/dL), whereas the group treated with soybean flour showed the lowest mean calcium level (10.97 ± 0.68 mg/dL). The highest phosphorus levels were in the normal control group (1.708 ± 0.28 mg/ dL), while the lowest levels were in the group receiving soybeans (1.34 ± 0.29 mg/dL). The results of further statistic tests (Table 2) showed that there was a significant effect of treatment on Ca levels in serum (p=0.019), yet there was no significant effect on phosphorus levels in serum and the Ca/P ratio (p=0.194). Multiple comparisons analysis was done for calcium levels to determine which groups had significant differences. The OVX-SS group (treatment with soybean sprout flour) was significantly different from the other 4 groups
DISCUSSION
The study demonstrated that the highest increase in BW was in the treatment group receiving additional soy flour. Although there was no difference in terms of BW increases based on statistical test results, in the group of ovariectomized rats there was a tendency to a higher percentage of BW than that in the normal control group. The results obtained in this study do not agree with those reported by Park et al. (15) and Shin et al. (30) that there was a significant increase of BW in the group of ovariectomized rats compared to that in control rats. Ovariectomy is associated with increased abdominal fat in rats.The increase in BW in the BB-S OVX group was higher than that in the other groups of ovariectomized rats. It was likely influenced by the greater amount of soybean flour than the amount of soybean sprout flour given. This was due to the treatment being based on the dose of isoflavones (daidzein), while the soy daidzein level (2.97 mg/g db) was lower than that in the soybean sprouts (6.33 mg/g db).The rise in body weight in the OVX-E group was lowest, because only a solution of ethynilestradiol was given as estrogen source, so there was no contribution of nutrients such as in soybeans and soybean sprouts. The administered mean daily amounts of soybean flour and soybean sprout flour at the beginning of treatment were 0.44 g and 0.21 g, respectively, while at the end of treatment the amounts were 0.66 g and 0.32 g, respectively. The possibility exists that nutrients from both ingredients contributed to the body weight. Table 2 shows that the levels of serum Ca and P of the ovariectomized groups were lower than those of the normal control group, except in the OVX-SS group, where serum Ca levels were higher than those of controls. Several researchers have shown an association between Ca and P levels in ovariectomized rats, as reported by Mioa et al. (12) that ovariectomy increases urinary excretion of Ca and P, and lowers the levels of Ca and P in the serum of the rats. Likewise, Unis et al. (8) reported that ovariectomized rats experience decreased serum Ca, but no change in serum P levels. It is also reported by Parket al. (15) and Unis et al. (8) that mean serum levels of the minerals Ca, P and Mg in ovariectomized rats were significantly decreased compared to those of the non-ovariectomized control group. Increased excretion of Ca and P is likely associated with the role of estrogen on intestinal calcium absorption. The fall in estrogen may be the cause of the low absorption of Ca and P in the intestine, so increasing the excretion of Ca and P in the feces and urine. This explains why there is a relationship between the decrease of estrogen in the blood circulation and falling of Ca and P absorption in the intestinal tract of ovariectomized rats.
The decrease in serum calcium status is associated with decreased ovarian function in producing estrogen. Estrogen could give either direct or indirect influence on the bone remodeling Note: NC = normal controls; OVX-C = ovariectomized controls; OVX-E = ovariectomized rats on estradiol; OVX-S = ovariectomized rats on soybean flour; OVX-SS = ovariectomized rats on soybean sprout flour. Data were analyzed with one-way Anova.Values presented are mean±SD. Baseline =body weight of first day of adaptation; pretreatment = body weight after recovery from ovariectomy (2 weeks maintenance). postreatment =body weight at the end of treatment Table 1 . Body weight of rats at baseline and end of treatment Table 2 . Calcium and phosphorus levels in serum of rats after intervention for 6 weeks Note: NC = normal controls; OVX-C = ovariectomized controls; OVX-E = ovariectomized rats on estradiol; OVX-S = ovariectomized rats on soybean flour; OVX-SS = ovariectomized rats on soybean sprout flour. Data were analyzed with one-way Anova. Values presented are mean±SD. Superscripted asterisk( * ) shows significant differences in the row (p<0.05). arrangement. Estrogens affect calcium bioavailability and other endocrine activities involved in bone remodeling. (6) It has been proven that ovariectomized rats will experience the estrogen deficiency associated with menopause. (12) Such conditions affect the absorption of calcium in the intestinal tract, (31) which is regulated by CaSRs (calcium sensing receptors) in the parathyroid glands. CaSR activities are modulated by PTH, calcitonin, and 1,25-dihydroxyvitamin D. (32) Ovariectomy could also trigger a decline in the number of vitamin D receptors in the jejunum, resulting in decreased cell response signaling of vitamin D in the intestine, leading to a decrease in intestinal calcium absorption. (33) Women with osteoporosis experience decreased absorption of minerals caused by a decrease of 1,25-dihydroxy vitamin D (1,25-(OH) 2D), which is known to be a regulator of bone mineral homeostasis. Low levels of 1,25-(OH) 2D will cause low serum calcium, yet increases PTH resulting in increased bone resorption. (34) Soybean flour and soybean sprout flour were given based on the dose of isoflavones, but the two materials had different effects on serum calcium in the rats. These effects were likely due to several possibilities: first, the action of isoflavones (which have estrogen-like activity) providing indirect influence on calcium absorption. Isoflavones are known to play a role in maintaining bone density through the inhibition of osteoclasts, and to stimulate bone formation, so that the process could inhibit bone resorption while the bone remodeling process could continue as normal. (35) Miao et al. (12) reported that genistein could increase levels of serum minerals and reduce mineral excretion in the urine. The strength of the effect is dose dependent. Second, soy contains anti-nutritional compounds including phytic acids that could inhibit the absorption of minerals such as phosphorus, calcium and iron. (36) Phytic acid levels in soy will decrease in the germination process, so phytic acid level in soybean sprouts is lower than in soybean seeds. (37) Thus, it is possible that the group of OVX-SS rats did not experience inhibition of calcium absorption by the phytic acid. Then there is the role of bioactive components in soybeans such as vitamin C, vitamin E, and polyphenols that have antioxidant activity. (37) It is known that the content of bioactive components in soybean sprouts is higher than that of soybean seeds. (29) The antioxidative characteristics of soybean sprouts have a positive effect on rats experiencing oxidative stress due to ovariectomy. The condition affects calcium absorption as well as bone mineralization. Some researchers suggest that the postmenopausal or ovariectomized rats will experience oxidative stress indicated by the high levels of malonaldehyde (MDA) and superoxide dismutase (SOD) in serum. (38, 39) A limitation of this study was that the soybean sprouts were given to the rats in the form of whole sprouts instead of as an extract. So, it is possible that not only the isoflavones may play a role, but also other bioactive components, thus affecting theresults of this study. The study also did not analyze phytic acid levels in the soybeans and soybean sprouts, so the phytic acid intake by the rats is unknown.
Multiple comparisons analysis for calcium levels
The soybean sprouts in this study were prepared through the elicitation process to improve the bioactive components. The elicited soybean sprout products are potential for the maintenance of bone health, especially in postmenopausal women. The positive effects of soybean sprout consumption is strongly influenced by the amount and duration of consumption. Further research is needed to assess the potential and safety of elicited soybean sprout extract to know and ensure the potential of the bioactive components of soybean sprouts in the maintenance of bone in particular and human health in general.
CONCLUSIONS
Post-menopausal rat models, which had been treated with soybean sprout flour for six weeks at a dose of 10 g/g BW/day, showed higher serum calcium levels. Elicited soybean sprouts could potentially increase calcium levels in the serum of ovariectomized rats.
